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Abstract 

The two-photon width T 77 of the i] c meson has been measured with the L3 
detector at LEP. The r] c is studied in the decay modes 7r + 7r~7r + 7r~, 7r + 7r _ K + K~, 
K°K ± 7r T , K + K~7T°, 7i + iT^r], tt + tt~t]', and p + p~ using an integrated luminosity of 
140 pb" 1 at v/i ~ 91 GeV and of 52 pb" 1 at yfs ~ 183 GeV. The result is r 77 (r? c ) = 
6.9±1.7 (stat.)±0.8 (sys.) ±2.0(BR) keV. The Q 2 dependence of the rj c cross section 
is studied for Q 2 < 9 GeV 2 . It is found to be better described by a Vector Meson 
Dominance model form factor with a J-pole than with a p-pole. In addition, a 
signal of 29±11 events is observed at the Xco mass. Upper limits for the two-photon 
widths of the XcCb Xc2, and rj' c are also given. 



Submitted to Phys. Lett. 



Introduction 



The study of resonance formation via two-photon interactions in e + e~ colliders provides valuable 
information on the quark substructure of the meson. The cross section for two-photon resonance 
formation e + e~ — > e + e~7*7* — > e + e~R, where R is a C=+l meson, is given by PP 

cx(e + e~ -> e + e~R) = J cr jy _ R dL^(W 2 ), (1) 

with the Breit-Wigner cross section 

°^r{W\ ql ql) = 8n(2J R + l)T 17 (R)F 2 (ql ql) • _ - . (2) 

Here, W is the two-photon centre of mass energy, q\ and q\ are the squares of the virtual 
photon four- momenta, and L Tf (W 2 ) is the two-photon luminosity function. The resonance R 
is characterised by the mass Mr, total spin Jr, total width Tr and the two-photon partial 
width r 77 (i?). The two-photon width and the transition form factor F 2 (qf,q%) are the two 
parameters to be measured. 

In two-photon collisions, the scattered electron and positron emerge with a small energy 
loss and an almost unmodified direction after having radiated one photon each. They therefore 
usually go undetected along the beam direction, allowing the photons to be considered as 'quasi- 
real', with q 2 ~ 0. At q\ ~ q 2 ~ 0, the form factor F 2 (qf,q 2 ) is normalised to unity, leaving 
the two-photon width as the only unknown parameter, linearly proportional to the total cross 
section: 

a(e+e- -> e + e~R) = « T yy (R). (3) 

If the scattered electron or positron is detected at small angles, the event is said to be tagged: 
one photon has Q 2 = —q 2 while the other is quasi-real with q 2 ~ 0. Using tagged events, the 
transition form factor can be measured. It is parametrised in the Vector Meson Dominance 
(VMD) model by a pole form 

F(Q 2 )= 1 + q 2/A 2 with A 2 = M£, V = p,u,<l>,J... (4) 

In the case of charmonium (cc) mesons, the J PC states accessible in quasi-real two-photon 
reactions are 0~ + , ++ and 2 ++ , corresponding to ?y c (2979), Xco(3417) and Xc2(3556). The 
formation of the Xci(3510), a 1 ++ state, is forbidden for two real photons according to the 
Landau- Yang theorem [2]. The radial recurrence r^(3594) has been observed by the Crystal 
Ball experiment [H] in the process ip' — > jrj' c , but not in two-photon collisions 4J. 

In this paper we report on the study of the formation of the i] c . The two-photon width and 
the Q 2 dependence of the cross section are determined. Theoretical calculations, based on the 
assumption that the two heavy charm quarks are bound together by a QCD potential, predict 
3-9 keV for the r\ c two-photon width [3]. The Q 2 dependence of the cross section has also 
been calculated [HIIZI- It contains information about the quark momentum distribution inside 
the meson, and its shape is predicted to be well described by a VMD model form factor with 
My = Mj. The Q 2 dependence of the r] c cross section has not been measured up to now. 

We report results from the data obtained with the L3 detector at centre of mass energies 
s/s ~ 91 GeV, with a total integrated luminosity of 140.2 pb _1 , and at \fs ~ 183 GeV, with 
an integrated luminosity of 52.4 pb~ x . This data sample includes the 30 pb _1 which we used 



2 



for our previous measurement of r 77 (r/ c ) 8\. Since the 7] c resonance does not have a dominant 
decay mode, nine different decay modes with branching ratios ranging from 0.5% to 2% have 
been analysed. They are listed in Table d together with the branching ratio of each channel, 
derived from Reference 0. 

L3 detector and Monte Carlo 

A detailed description of the L3 detector can be found in Reference [10J. The analysis de- 
scribed in this paper is mainly based on the central tracking system and the high resolution 
electromagnetic calorimeter. 

Particles scattered at small angles are measured by the luminosity monitors (LUMI), cov- 
ering a polar angle range 26 mrad < 9 < 65 mrad on each side of the detector. For data at 
y/s ~ 183 GeV, particles can also be detected by the very small angle tagger (VSAT) cover- 
ing a polar angle range between 5 mrad < 9 < 8 mrad for an azimuthal angle range of -0.8 
rad<0<O.8 rad or 7T-0.8 rad<0<7r+O.8 rad [TT] . 

The two-photon events are collected predominantly by a track trigger ^2] which requires 
at least two charged particles with transverse momentum p t > 150 MeV, back to back, in the 
plane transverse to the beam, within ±41° for data at y/s ~ 91 GeV, and within ±60° for 
data at y/s ~ 183 GeV. In addition, there is a trigger for electron tags, which requires an 
energy deposit of at least 70% of the beam energy in the LUMI, in coincidence with at least 
one charged track in the central tracker. 

In order to compute the acceptance and efficiency of the detector we have used the PC 
Monte Carlo (THj , based on the formalism of Budnev et al. P . The Q 2 dependence of the cross 
section is taken into account using a VMD model form factor. 

The particles produced in the reaction are followed through the different L3 subdetectors 
with the GEANT simulation program and the events are reconstructed and analysed in 
the same way as real data. 

Selection criteria 

The 1] C decays, listed in Table ^ result in final states with either two or four charged tracks 
with charge balance, accompanied by zero, one, two or four photons. 

A track must have at least 18 out of a maximum of 62 hits in the central tracker. The 
distance of closest approach to the beam line in the transverse plane is required to be less than 
3 mm, except for tracks associated with a K° decay. In order to remove electrons, we require 
for tracks with a momentum p larger than 0.8 GeV that E/p < 0.9, where E is the associated 
energy in the electromagnetic calorimeter. 

A photon candidate is an electromagnetic cluster separated from all tracks by at least 100 
mrad in and 140 mrad in 9. In the search for tt° candidates, the two photons must both have 
an energy of at least 50 MeV. To reduce the combinatorial background under the ir° signal, the 
angle t/> 77 between the photons of the 7r° candidate must satisfy cos-?/Vy > 0.6. The effective 
mass of the two photons must be within 20 MeV of the 7r° mass if both photons are in the 
barrel part of the electromagnetic calorimeter (42° < 9 < 138°), and within 30 MeV otherwise. 
The 7T° signal is shown in Figured and^D. The two photons of an rj candidate must have an 
energy of at least 100 MeV, and at least one of them must be in the barrel. In addition, it is 
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required that cos^Vy > — 0.7, an d that the 77 effective mass is within 45 MeV of the rj mass, 
see Figure Ht. 

If a cluster with at least 70% of the beam energy is found in the LUMI calorimeter or a 
cluster with more than 50% of the beam energy is found in the VSAT, the event is classified 
as tagged. 

To ensure that no final state particle of the resonance decay has escaped detection, the 
squared vectorial sum of the transverse momenta of all detected particles, (Ep t ) 2 , is required 
to be smaller than 0.1 GeV 2 . If a tag is found, it is also included in this sum. However, if 
the (Sp t ) 2 excluding the tag is smaller than the (Sp t ) 2 with the tag included, the event is 
considered as untagged. Additionally, for events with one or more photons in the final state, 
the (Sp t ) 2 excluding the photon(s) should be larger than 0.005 GeV 2 . 

Additional cuts for each decay mode are listed below. The masses of the intermediate states 
which are used in the cuts are taken from the observed central values of the peaks. 

T) c — > 7r + 7T~7T + 7r~ Or 7r + 7T~K + K~ 

These events leave four tracks and no photons in the detector. Using the dE / dx measurement in 
the central tracking system, a \ 2 to be a pion or kaon can be calculated for each track, and thus 
a combined probability that the four tracks are 7t + 7t~7t + 7t~ , K + K~7r + 7r~, or K + K~K + K~ can be 
derived. For a 7t + 7t~7t + tt~ event, the 7r + 7r~7r + 7r~ probability divided by the sum of 7r + 7r~7r + 7r~, 
K + K~7r + 7r~, and K + K~K + K~ probabilities must be larger than 55%. For a K + K~7r + 7r~ event, 
the K + K~7r + 7r~ probability divided by the sum of 7T + 7r~7r + 7r~, K + K~7r + 7r - , and K + K~K + K~ 
probabilities must be larger than 55%. Events that do not fall in either category are rejected. 
The dE/dx measurement has a good it/ K separating power for tracks with a momentum p < 0.5 
GeV. As the momenta of the decay particles of the rj c extend to 2 GeV, there exists some 
misidentification, which is estimated using Monte Carlo. Out of all rj c — ► 7t + 7t~7t + tt~ Monte 
Carlo events that are selected, 21% are identified wrongly as K + K~7r + 7r~, and of all rj c — ► 
K + K~7r + 7r~ Monte Carlo events that are selected, 8% are wrongly identified as 7r + 7r~7r + 7r~. 

For this final state the geometrical reconstruction of the secondary vertex K° — > 7r + 7r~ requires 
two oppositely charged tracks, each with a radial distance from the interaction point in the 
transverse plane greater than 1 mm. The two tracks must form a secondary vertex more than 
3 mm away from the interaction point. The angle between the tracks must be smaller than 2.5 
rad. If the angle between the K° line of flight and the sum of the two track momenta is greater 
than 60 mrad, the K° candidate is rejected. Finally, the invariant mass of the two pions must 
be within 30 MeV of the K° mass, see Figure EJl. 

rj c — » 7T+7T-??, rj — > 77 

For this decay mode two photons, reconstructing an rj, and two tracks must be observed in the 
detector. 

rjc ^ K+KTtt 

For this decay mode two photons, reconstructing a 7r°, and two tracks must be observed in the 
detector. Since there exists no background from rj c — > 7r + 7r~7r°, only a loose cut on the dE/dx 
is used in order to keep the efficiency high: the K + K~ probability divided by the sum of the 
K + K~ and 7r + 7r~ probabilities must be larger than 30%. 

Vc -> P + P~, P ± -» t^tt 

Four photons are combined in order to find two 7r° candidates, which are combined with the 
two tracks to form two charged p mesons. The event is accepted if both combinations satisfy 
IM^tt ) - M(p ± )| < 0.25 GeV. 
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r\ c — > ii ii rj, rj — > tx tt tt 

For this decay mode the cut on the angle between the two photons is widened to cos ?/> 77 > 0.4. 
Two out of the four observed tracks must combine with the 7r° candidate to form an rj, with 
|M(7r+7r-7r°) - M(rj)\ < 40 MeV. 

f] c — > 7T + 7T~r]', Tj' — > 7r + 7T _ 77, f] — > 77 

For this decay mode two photons, reconstructing an rj, and four tracks must be observed 
in the detector. The rj candidate must combine with two of the tracks to form an //, with 
\M(n + n-r]) - M(rf)\ < 50 MeV. 

rye — > 7r + 7r _ r/, rf — > p°7, p° — > 7T + ir~ 

To select this decay mode, p° candidates, formed by a pair of tracks with 0.60 GeV < M(tt + 7i~) < 
0.92 GeV, are combined with a photon, with energy greater than 100 MeV, to form an r]', with 
|M(p°7) - M(rf)\ < 60 MeV and cosVy> 7 > -0.3. 

The selection efficiencies for the analysed decay modes are given in Table for both data 
samples at — 91 GeV and at y/s ~ 183 GeV. 

The mass distribution of the selected untagged events is presented in Figure El A fit of this 
spectrum in the mass range 2.4 GeV < M < 3.2 GeV, with an exponential background plus a 
Gaussian for the signal, gives for the peak position M(rj c )= 2.974 ± 0.018 GeV, in excellent 
agreement with the world average 2.979 ± 0.002 GeV [9 . The width of the Gaussian is 57±16 
MeV, consistent with the reconstructed width in the Monte Carlo of 70 MeV. The area of the 
peak corresponds to a total of 93±33 rj c events. 

The Xco(3417) and Xc2(3556) are also known to decay into 7r + 7r~7r + 7r~ and K + K~7r + 7r~. 
Their branching ratios to the other analysed decay modes are unknown. Therefore the mass 
spectrum has been divided into two parts in Figure EJ Figure 0^ shows the mass distribution of 
the events with one or more photons or a K° s in the final state, while Figure Eb shows the mass 
spectrum of the 7r + 7r~7r + 7r~ and K + K~7r + 7r~ events. However, in Figure Eb, no enhancements 
are visible around the Xco an d Xc2 masses. In Figure Et, on the other hand, an enhancement 
is visible around 3.4 GeV. A fit to this enhancement in the mass range 3.2 GeV < M < 4 GeV 
gives for the peak position 3.400±0.019 GeV, in agreement with the world average Xco mass 
^(Xco)=3.417±0.003 GeV, and for the width 58±18 MeV, in agreement with the reconstructed 
width from the Monte Carlo of 70 MeV. The area of the fitted Gaussian is 29±11 events. A 
similar fit to Figure yields only 7±6 events above background. 

The two-photon width 

Since the r/ c signal has low statistics in each decay mode, the two-photon width is obtained 
with a combined unbinned likelihood fit. The fit takes into account the different weight of 
each decay mode due to the different background levels, efficiencies, branching ratios, and the 
different integrated luminosities at yfs ~ 91 GeV and at ^Js ~ 183 GeV. All mass spectra 
are fitted simultaneously with a sum of a normalised exponential background function bi(x) 
and a Gaussian distribution gi(x), where i runs over the different decay modes and the two 
centre-of-mass energies considered: 

fi(x) = (1 - Pi)h(x) + Pigi(x). (5) 

Here, Pi is the ratio of the number of signal events, Si, over the total number of events in mass 
spectrum i. The exponential background, b^x), is allowed to vary for each spectrum, but the 
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number of signal events in the Gaussian for each spectrum is related to the two-photon width 
by 

Si = €i C BRj k T 77 . (6) 

Here, e, is the total efficiency, £ is the integrated luminosity, and BR; is the branching ratio 
for decay mode i. The proportionality factor k is obtained from Monte Carlo, using Equation 
(JHJ). The events in Xco signal region (between 3.3 and 3.5 GeV) are excluded from the fit. For 
the K + K~7r + 7r~ and 7r + 7r~7r + 7r~ mass spectra, the whole region M > 3.2 GeV is excluded, 
where the Xco signal, the Xc2 signal, and small enhancements due to tt/K misidentification are 
expected. The effect of this cut is taken into account in the systematic error. The rj c two-photon 
width obtained from the fit is 6.9 ±1.7 (stat.) keV. It corresponds to a total of 76±19 T] c events, 
in agreement with the number of events obtained with the fit to the total mass spectrum shown 
in Figure El The two-photon widths or upper limits for the individual decay modes are also 
given in Table ^ They have been obtained with an unbinned likelihood fit to the individual 
spectra using an exponential background and a Gaussian for the signal, with the Gaussian 
position and width fixed to the Monte Carlo values. 

The systematic error related to the selection requirements includes contributions from the 
cut on the number of hits on a track (5%), from the dE/dx cuts (3%), and from the tt° 
selection (4%). Furthermore, the systematic errors take into account uncertainties on the 
trigger efficiency (2%), on the Monte Carlo statistics (2%), on the background subtraction 
(3%) and on the uncertainty on the individual branching ratios (9%). They add up to 12%, 
resulting in a systematic error on r 77 (r7 c ) of 0.8 keV. The uncertainty introduced by the poor 
knowledge of the branching ratio BR(J — > 7^7) = (1.27± 0.36) % pH], which is contained in all 
branching ratio uncertainties, leads to an additional error on r 77 (?7 c ) of 2.0 keV. 

In Table El our measurement is compared to previous measurements [BIGS! of the r\ c two- 
photon width. It is found to be in good agreement. The measurement is also in good agreement 
with the theoretical predictions 0. 

If we assume that the excess of events at 3.4 GeV is due to Xco formation, the Xco two- 
photon width can be obtained using a similar fit as for the r\ c . However, only the 7r + 7r~7r + 7r~ 
and K + K~7r + 7r~ events, for which the Xco branching ratios are known, can be included in the 
fit. Since the number of signal events is low for these decay modes, it is only possible to 
set a 95% C.L. upper limit r 77 (x c0 ) < 5.5 keV. This is consistent with the upper limit by 
CLEO, r 77 (x c o) < 6.2 keV, and the measurement by the Crystal Ball experiment, r 77 (x c0 ) = 
4.0 ±2.8 keV 

Also the Xc2(3556) has known branching ratios into 7r + 7r~7r + 7r~ and K + K - 7r + 7r~. No signal 
is observed in Figure Eb- We obtain for the Xc2 two-photon width a 95% C.L. upper limit of 
1.4 keV, consistent with our previous measurement |18j . 

We also observe no signal for the 7^(3594). Reference ^H] predicts the hadronic branching 
ratios of the rj c and r)' c to be about equal. If we assume that the efficiencies and branching ratios 
of the r)' c are the same as for the rj c for the analysed final states, we obtain r 77 (r^) < 2.0 keV 
at 95% C.L. 

The Tj c form factor 

The 7] c transition form factor, as defined in Equation (J2J), can be studied using tagged events. 
The mass spectrum of the events with an electron found in the LUMI at y/s ~ 91 GeV or in 
the VSAT at y/s ~ 183 GeV is shown in Figure 0] The number of events with a tag in the 
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LUMI at y/s ~ 183 GeV is too low to contribute to the measurement. At y/s ~ 91 GeV, the 
LUMI covers the Q 2 range from 1.3 GeV 2 to 8.5 GeV 2 . The VSAT covers at y/H ~ 183 GeV 
the Q 2 range between 0.2 GeV 2 and 0.8 GeV 2 . The solid line in Figure |U represents a fit with 
an exponential for the background and a Gaussian for the signal, with the position and width 
of the r] c Gaussian fixed to the Monte Carlo values. The area of the Gaussian is 8.3^4;g events. 

We assume that the shape of the r) c form factor is described by the Vector Meson Dominance 
model form factor given in Equation (J3J). We compare three hypotheses for the pole mass A: a 
p-pole, which is found to be a good description of the Q 2 dependence of the 7r°, tj, and 77' cross 
sections [20J, a J-pole, which is predicted to be a good approximation of the Q 2 dependence of 
the r] c cross section jHUZj, and an infinite pole or flat form factor, i.e. the 77 — > r\ c cross section 
has no Q 2 dependence. Since our r/ c Monte Carlo has been generated with a J-pole, the Monte 
Carlo events are reweighted to simulate a p-pole or flat form factor. 

From Equations and (j2J it can be seen that the cross section is proportional to the 
product of the two-photon width and the form factor. In order to measure the form factor 
in a Q 2 -interval AQ 2 , the ratio <7d a ta(A(5 2 )/r 77 has to be determined. The two-photon width 
T 77 has already been measured using untagged events, and the cross section o r data(^'3 2 ) can be 
obtained using the tagged events. Note that in the ratio <7d a ta(A(5 2 )/r 77 almost all systematic 
errors cancel, in particular the error due to the uncertainty in BR(J — > rjc'j). 

The two cross sections <7d a ta(AQ 2 ), for events with a tag in the LUMI and for events with 
a tag in the VSAT, are obtained using an unbinned likelihood fit. The fit is similar to the 
one used to obtain the two-photon width, with the number of tagged signal events in each 
spectrum, Si, equal to €i(AQ 2 ) C BR,, crdata(A(5 2 )- The efficiencies per Q 2 interval, e,(AQ 2 ), 
have an uncertainty due to the choice of the form factor in the Monte Carlo less than 3%. The 
cross sections correspond to 7.7±3.0 events with a tag in the LUMI and 2.3±2.3 events with a 
tag in the VSAT. 

The <Tdata(A(5 2 )/T 77 ratios are given in Table 01 together with the Monte Carlo predictions 
for the three form factor hypotheses. A \ 2 representing how well the measured <7d a ta(AQ 2 )/r 77 
correspond to the Monte Carlo predictions is calculated and the corresponding probabilities 
are given in the last column of Table El for each form factor hypothesis. The changes in the 
X 2 probabilities due to the variation of r 77 within its measured error (±1.7 keV) are given in 
parentheses in the last column. The J-pole form factor and the flat form factor are clearly 
favoured over the p-pole form factor. 

Since a(AQ 2 ) is proportional to F 2 (Q 2 ), the latter can be obtained by dividing the measured 
cross section (normalised to the measured two-photon width) by the Monte Carlo cross section 
with a flat form factor, for which F 2 — 1, 

r^2/^2\ °"data (AQ 2 ) 

The F 2 (Q 2 ) measured in the two Q 2 intervals is shown in Figure together with three curves 
corresponding to the theoretical predictions for a p-pole, J-pole and flat form factor. For a 
J-pole Monte Carlo, the average Q 2 for events with a tag in the LUMI is 3.08 GeV 2 , and for 
events with a tag in the VSAT it is 0.42 GeV 2 . If the data are fitted with Equation Q with 
the pole mass A left free, we obtain A = 5.3l^° 5 GeV. The 95% confidence level lower limit on 
the pole mass is 1.6 GeV. 
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Conclusions 



The charmonium resonance rj c is observed through the reconstruction of nine different decay 
modes at y/s = 91 GeV and at y/s = 183 GeV. The two-photon width is determined to be 
r 77 (?7 c ) = 6.9 ±1.7 (stat.) ± 0.8 (sys.) ± 2.0(BR) keV, in agreement with earlier measurements. 
This corresponds to 76±19 signal events in total. A Xco signal of 29±11 events is also observed, 
but r 77 (x c o) cannot be evaluated since its branching ratios are unknown. We find upper limits 
r 77 (x c o) < 5.5 keV, r 77 (x C 2) < 1-4 keV, and T^(rj' c ) < 2.0 keV. Using tagged r\ c events we 
establish that the Q 2 dependence of the cross section is better described by a J-mass pole in 
the Vector Meson Dominance form factor than by a p-mass pole. 
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Decay mode 
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Table 1: The branching ratio BR (derived from Reference 0), the efficiencies e and the two- 
photon widths as obtained with an unbinned likelihood fit, at ^/s ~ 91 GeV and y/s ~ 183 GeV 
for the different rj c decay modes considered in the analysis. All branching ratios contain a 
common error of 28% due to the uncertainty in BR(J — > ~/r) c ). 



Experiment 


T 77 (?7 C ) (keV) 


PLUTO 

TPC/27 

CLEO 

L3 

ARGUS 
E760 


28 ± 15 
6.4±I;° 
5.9l?i±1.9 
8.0 ± 2.4 ± 2.3 
11.3 ± 4.2 
6.7^ ±2.3 


L3 (this analysis) 


6.9 ±1.7 ±0.8 ±2.0 



Table 2: Summary of the published measurements of T 77 (?7 C ) jHJUE]. 





a(AQ 2 )/r 77 (pb/keV) 


a(AQ 2 )/r 77 (pb/keV) 


probability (%) 




LUMI 


VSAT 




Data 


1.3±0.5 


5±5 




MC p-pole 


0.051 


0.81 


4.3 (4.0 - 4.7) 


MC J-pole 


0.85 


2.1 


58 (34 - 81) 


MC flat 


1.6 


2.3 


70 (82 - 30) 



Table 3: Results for the tagged r\ c cross section a data (AQ 2 )/r 77 (?7 c ) for events with a tag in the 
LUMI at yjs ~ 91 GeV and with a tag in the VSAT at [fs ~ 183 GeV, compared to the Monte 
Carlo predictions for a p-pole form factor, a J-pole form factor, and a flat form factor. In the 
last column the x 2 probability that the data and the Monte Carlo are compatible is given for 
each form factor hypothesis. Between parentheses, the x 2 probabilities if T 77 is varied from 5.2 
keV to 8.6 keV are given. 
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Figure 1: a) The invariant mass of two photons in the K + K~7r° sample, with both photons in the 
barrel (42° < 9 < 138°) after all other cuts have been performed. The events between the arrows 
are accepted, b) The same, with at least one of the photons in the endcaps (12° < 9 < 38° and 
142° < 9 < 168°). c) The invariant mass of two photons in the 7i + 7i^i] sample, after all other 
cuts have been performed, d) The invariant mass of the two tracks associated with a secondary 
vertex in the K°K ± 7r =F sample, selected with the cuts described in the text, after all other cuts 
have been made. In all plots the points with error bars represent the data, while the histogram 
represents the r\ c Monte Carlo. The normalisation of the Monte Carlo is arbitrary. 
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Figure 2: The mass distribution of all selected untagged events. The hatched histogram is the 
arbitrarily scaled r\ c Monte Carlo. The solid lines represent a fit to the data with an exponential 
background and Gaussians for the r\ c and Xco signals. 
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Figure 3: The mass distribution of the selected untagged events a) for the decay modes K°K ± 7r T . 
K + K~7T°, p + p~, ir + iT~ri, and 7r + 7r~?/, b) for the decay modes it + it~it + it~ and K + K~7r + 7r~. The 
solid lines represent fits to the data with an exponential background and Gaussians for the r\ c 
and Xco signals. 
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Figure 4: The mass distribution for selected events with a tag in the LUMI at \fs ~ 91 GeV, 
or with a tag in the VSAT at ^/s ~ 183 GeV. The line is a fit with an exponential background 
and a Gaussian for the signal, with the mass and the width of the Gaussian fixed to the r\ c 
Monte Carlo prediction. 
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Figure 5: The form factor F 2 (Q 2 ) vs. Q 2 . The points represent the tagged data, while the three 
curves describe the form factor shape for a p-pole, J-pole or flat Monte Carlo. 
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